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Why Do We MeasureWhy Do We Measure 
Formaldehyde (CHFormaldehyde (CH22O)?O)? 
�� Hazardous Air PollutantHazardous Air Pollutant 

(HAP)(HAP) 
�� Primary and secondaryPrimary and secondary 

sourcessources 
��  Plays an important role inPlays an important role in 

ozone formationozone formation 
�� Radical SourceRadical Source 



      
  

        

  

    
  

  

MMeetthhooddss iinn DDeevveellooppmmeenntt -- PPrroottoonn
 
TTrraannssffeerr RR eeaaccttiioonn –– MMaassss
 
SSppeeccttrroommeetteerr (( PPTTRR--MMSS))
 

��	 OOffffeerrss rreeaall ttiimmee,, ppppttvv
measurements of bothmeasurements of both 
formaldehydeformaldehyde andand anan arrayarray
ofof otherother volatilevolatile organicorganic 
ccoommppoouunnddss ((VVOOCC’’ss)) 

��	 AllowsAllows aa methodmethod forfor sourcesource 
proportionmentproportionment ooff pprriimmaarryy
andand secondarysecondary volatilevolatile
oorrggaanniicc ccoommppoouunnddss 

��	 OperatingOperating PrinciplePrinciple 

H3O
+ +  R →  H 2O  + RH  +  



  

  

      
      

CChhaalllleennggeess ooff MMeeaassuurriinngg
 
FFoorrmmaallddeehhyyddee wwiitthh tthhee
 

PTRPTR--MMSS
 
1.1. Reduced sensitivity due to back reaction withReduced sensitivity due to back reaction with 

waterwater 

1.1. Sensitivity is humidity dependent due toSensitivity is humidity dependent due to ligandligand 
switching reactions with water clustersswitching reactions with water clusters 

2.2. Interferences from other compoundsInterferences from other compounds 
�� MethylMethyl hydroperoxidehydroperoxide, methanol, ethanol, methanol, ethanol 

OHCHOHOHCHOHOHOH 2332 +•→+•  ++ 
MOHOHCHMOHOHCH +•→++ ++ 

2222  

OCHOHOHOHOHOHCH 223222 +•→+•  ++ 

++ +↔+ RHOHROH  23 



  
        

      

Humidity EffectsHumidity Effects 
TTrraapp TTeemmppeerraattuurree == NNAA,, FFllooww ==  55 0000 ssccccmm
 

TTdd == 112200,, DDrriifftt TT uubbee PP rreessssuurree ==  22 ..11 mm bbaarr
 



  Humidity EffectsHumidity Effects 



        
      

    

CCuurrrreenntt SSttrraatteeggiieess ttoo OOvveerrccoommee
 
FFoorrmmaallddeehhyyddee MMeeaassuurreemmeenntt DDiiffffiiccuullttiieess
 

wwiitthh tthhee PPTTRR--MMSS
 

��	 CorrectCorrect formaldehydeformaldehyde measurementsmeasurements byby 
applying equations that account forapplying equations that account for 
ffoorrmmaallddeehhyyddee’’s water vapor mixing ratios water vapor mixing ratio 
ddeeppeennddeennccee 

�� 	 Current strategies have error greater thanCurrent strategies have error greater than 25%25%
 



        
      

WSUWSU’’s strategy for measurings strategy for measuring 
formaldehyde with the PTRformaldehyde with the PTR--MSMS 

�� Use a cold trap to remove water vapor inUse a cold trap to remove water vapor in 
sample air resulting in increased sensitivitysample air resulting in increased sensitivity 
of formaldehyde with little affect on otherof formaldehyde with little affect on other 
VOC speciesVOC species 

�� HypothesisHypothesis –– VOCVOC’’s will quickly arrive ats will quickly arrive at 
equilibrium resulting in little loss of VOCequilibrium resulting in little loss of VOC 
mass to the ice coated walls of the cold trapmass to the ice coated walls of the cold trap 



  Experimental SetupExperimental Setup 



    

    

Experimental Setup cont.Experimental Setup cont. 

�� PTRPTR--MS ConditionsMS Conditions 
�� TD = 108TD = 108--120120 
�� Drift Tube Pressure =Drift Tube Pressure = 

2.12.1--2.4 mbar2.4 mbar 

�� Cold Trap ConditionsCold Trap Conditions 
��  Flow VariesFlow Varies 
�� Temperature VariesTemperature Varies 



        

                

CCoolldd TT rraapp PP eerrffoorrmmaannccee 
TTrraapp TT eemmppeerraattuurree == -- 3300 ooCC,, TTdd == 112200,,
 

DDrriifftt TTuubbee PPrreessssuurree == 22..11 mmbbaarr FFllooww == 110044 ssccccmm
 



    Cold Trap PerformanceCold Trap Performance 



  

  

Cold Trap DesignCold Trap Design -- TemperatureTemperature 

�� At some point, reducingAt some point, reducing 
the temperaturethe temperature 
produces diminishingproduces diminishing 
returns in the cold trapreturns in the cold trap’’ss 
drying effect, anddrying effect, and 
consequently instrumentconsequently instrument 
sensitivitysensitivity 

��  Water vapor alwaysWater vapor always 
present in PTRpresent in PTR--MS dueMS due 
to reagent ion sourceto reagent ion source 



  
  

    

Cold Trap DesignCold Trap Design ––TemperatureTemperature 
WV MR = 16WV MR = 16 mmmmooll/mol/mol FFllooww ==  11 8833 ssccccmm, Drift Tube, Drift Tube 

PPrreessssuurree ==  22 ..44 mm bbaarr TTdd == 112200,, 



  Cold Trap DesignCold Trap Design --TemperatureTemperature 



  

  

Cold Trap DesignCold Trap Design -- FlowFlow 

�� Flow RateFlow Rate 
�� Influences equilibriumInfluences equilibrium 

of formaldehyde withof formaldehyde with 
iceice -- coated tubecoated tube 
wallswalls 
��  Influences waterInfluences water 

vapor removalvapor removal 



  
      

    

Cold Trap DesignCold Trap Design –– FlowFlow 
TTrraapp TTeemmppeerraattuurree == -- 3030 ooCC,, WV MR = 16WV MR = 16 mmmmooll/mol/mol
 

DDrriifftt TT uubbee PP rreessssuurree ==  22 ..44 mm bbaarr TTdd == 112200,,
 



  Cold Trap DesignCold Trap Design -- FlowFlow 



    
  

EEqquuiilliibbrriiuumm wwiitthh IIccee--CCooaatteedd 
TTuubbee SSuurrffaaccee 

VOC 

VOC
 

VOC 

Ice
 

Tube Wall 
 



          

            

EEqquuiilliibbrriiuumm wwiitthh IIccee CCooaatteedd TTuubbee 
SSuurrffaaccee –– 
TTeemmppeerraattuurree == -- 6677 ooCC,, FFllooww == 110000 ssccccmm 



            
  

  
  

SummarySummary 
��  The PTRThe PTR--MS with a cold trap attached toMS with a cold trap attached to 

the inlet effectively measuresthe inlet effectively measures 
formaldehyde with minimal impact on theformaldehyde with minimal impact on the 
measurement of other VOCmeasurement of other VOC’’ss 
�� Once the cold trap reaches equilibrium,Once the cold trap reaches equilibrium, 

fine time resolution measurements canfine time resolution measurements can 
be made that offers a technique forbe made that offers a technique for 
sourcesource proportionmentproportionment of formaldehydeof formaldehyde 
against other VOCagainst other VOC’’ss 



  

Questions?Questions? 

Fire awayFire away 




